We present an effective, low cost protocol to reduce the toxicity of gold nanorods induced by the presence of cetyltrimethylammonium bromide (CTAB) on their lateral surface as a result of the synthesis process. Here, we use thiolated methoxy-poly(ethylene) glycol (mPEG-SH) polymer to displace most of the CTAB bilayer cap from the particle surface. The detoxification process, chemical and structural stability of as-prepared mPEG-SH-conjugated gold nanorods were characterized using a number of techniques including localized surface plasmon resonance (LSPR), transmission electron microscopy (TEM) and surface-enhanced Raman spectroscopy (SERS). In view of future applications as near-infrared (NIR) nanoheaters in localized photothermal therapy of cancer, we investigated the thermal behaviour of mPEG-SH-conjugated gold nanorods above room temperature. We found a critical temperature at around 40
Introduction
Nowadays there is great interest in developing nanomaterials for nanomedicine. Gold nanoparticles are particularly and extensively exploited in this direction because of their biocompatibility and unique optical properties, dominated by the excitation of localized surface plasmon resonance (LSPR). Such properties make gold nanoparticles the most suitable for biological and chemical sensing [1] , surface-enhanced Raman scattering (SERS) [2] , cellular imaging [3] or photothermal therapy [4] .
Apart from spherical nanoparticles, gold nanorods (GNRs) are of particular interest because they exhibit two distinct plasmon resonances. One of them is caused by electron oscillation along the short or transversal axis, and occurs in the visible region, and the second one is due to electron oscillation along the long axis and occurs in the near-infrared (NIR) region. The spectral position of the longitudinal LSPR band can be tuned across the NIR domain by varying the nanorod aspect ratio (length divided by width). Therefore GNRs with characteristic NIR absorption are suitable for intracellular imaging and photothermal therapy of cancer cells because of the optimal light transmission for tissue (e.g. intrinsic chromophores, haemoglobin and water) in the NIR region [5, 6] . Moreover, if coded with a Raman reporter molecule, GNRs can efficiently act as SERS tags inside living organisms [7] .
However, one of the major concerns with the use of GNRs in biomedical applications has been reported to be the cytotoxicity of cetyltrimethylammonium bromide (CTAB), a cationic surfactant which is currently used as a directing and stabilizing agent in nanorod synthesis [8] . Therefore the surface modification of GNRs with the aim of detoxification becomes an important step towards any biomedical applications. The chemical displacement of CTAB from the lateral surface of gold nanorods and replacement by various capping agents has been reported. For example, modification of gold nanorods with phosphatidylcholine by chloroform extraction has been used for intracellular applications [9] . Leonov et al have shown that polystyrene sulfonate is suited for gold nanorod detoxification [10] . Recently, Thierry et al demonstrated that polyethylene(glycol) bearing a thiol (SH) end-group is one of the most suitable polymers for gold nanorod surface modification, especially for applications that require good stability of probes against heat, high salt concentrations and extreme pH [11] . However, to the best of our knowledge, there is no previous work on gold nanorod functionalization that systematically demonstrates particle detoxification by SERS measurements of the CTAB capping surfactant. In addition, few have studied the thermal stability of such conjugated particles and fewer have proved their potential use as SERS-active carriers of Raman tags.
In this work we use thiol-terminated methoxypoly(ethylene glycol) (mPEG-SH) to displace the amount of CTAB from the surface of gold nanorods and, consequently, to reduce their inherent toxicity. The removing of CTAB and binding of the polymer layer to the GNRs' surface was successfully demonstrated by spectral shifts of localized surface plasmon resonance (LSPR), transmission electron microscopy (TEM) imaging and spectroscopic fingerprinting of CTAB in surfaceenhanced Raman spectroscopy (SERS). By monitoring a decrease of the CTAB surfactant molecule SERS signal, we directly show the removal of the CTAB capping layer from the PEGylated nanorod surface. Our results reveal the high stability of polymer-coated-GNRs against chemically induced aggregation and interesting heat-induced restructuring of the polymer at the metal surface. Notably, the mPEG-SH polymer plays a double role, namely to prevent the aggregation of GNRs and to provide biocompatible shells to SERS probes. Here, the SERS activity is demonstrated at the level of isolated mPEG-SH-conjugated gold nanorods instead of nanoparticle aggregates as shown in most cases, using p-aminothiophenol (pATP) as the reporter molecule. The fabrication of a biocompatible SERS probe remains one of the most critical steps for intracellular investigations and we expect that asprepared plasmonic nanoprobes would exhibit the required high stability and less in vivo toxicity.
Experimental section

Chemicals
Hydrogen tetrachloroaurate(III) trihydrate (HAuCl 4 ·3H 2 O, 99.99%), trisodium citrate, L-ascorbic acid (AA, 99%) and p-aminothiophenol (pATP) were obtained from SigmaAldrich. Cetyltrimethylammonium bromide (CTAB, 99%), sodium borohydride (NaBH 4 ) and silver nitrite (AgNO 3 ) were purchased from Merck. For aggregation tests isopropyl alcohol of 99.7% purity was used. α-methoxy-ω-mercapto poly(ethylene glycol) (mPEG-SH) of molecular weight 5 kDa was obtained from Iris Biotech GmbH. All the other reagents were of analytical grade and used without any further purification. Distilled-deionized water (ddH 2 O) was used in all aqueous solutions and rinsing procedures.
Gold nanorod synthesis and conjugation with mPEG-SH
Nanorods were synthesized using the seed-mediated growth method at room temperature developed by Jana et al [12] . Briefly, a seed solution of 3-5 nm average diameter gold nanoparticles was produced by the reduction of HAuCl 4 ·3H 2 O with NaBH 4 in the presence of the cationic surfactant CTAB. The obtained seeds, having the role of nucleation sites for nanorod growth, were added to a solution which contains gold ions, CTAB, AgNO 3 and AA. The adsorption of CTAB surfactant onto preferential facets of seeds governs the growth of nanorods, having therefore a double role, as anisotropic growth controller and as stabilizer. The gold nanorod aspect ratios were controlled by varying the concentration of AgNO 3 catalyzer in the growth medium. After the synthesis process was completed, the excess of surfactant and any unreacted products from the growth solution were removed by two centrifugation steps at 8000 rpm for 20 min, and GNRs were collected and resuspended in an appropriate volume of distilled and deionized water. GNRs of aspect ratios between 2.5 and 3.7 were obtained as evaluated and measured by transmission electron microscopy (TEM) imaging and the images can be seen in our previous work [13] .
For gold nanorod PEGylation, a solution of 1 × 10 −3 M mPEG-SH in ddH 2 O was first prepared. 100 μl of the polymeric solution was added to an appropriate volume of 1.45 × 10 −9 M colloidal gold nanorods. The sample was kept overnight at room temperature to allow the polymer to bind onto the nanorod surfaces, then was submitted to another centrifugation step which removed the supernatant containing unbound polymer and other reactants. The nanorod pellet was resuspended in ddH 2 O and remained stable for several months at room temperature.
Equipment and characterization
UV-vis-NIR extinction measurements were carried out with a Jasco V-670 spectrophotometer over a spectral range between 400 and 1000 nm with a slit width of 2 nm. The extinction dependence on temperature was monitored using the same spectrophotometer with a Peltier thermostatted single-cell holder unit. Gold nanorod aspect ratios were determined using a JEOL model JEM 1010 microscope. For PEGylated gold nanorod imaging, the negative staining technique was accomplished using uranyl acetate as the contrast agent. SERS spectra were recorded through a portable Raman spectrophotometer (R-3000CN from Raman Systems) using for excitation the 785 nm (λ ex ) laser line. The laser exit power was 150 mW and the spectral resolution 1 cm −1 . Figure 1 . Normalized UV-vis-NIR extinction spectra of different aspect ratios gold nanorods in aqueous solution. The GNR aspect ratio increases in the direction of the arrow from 2.5 to 3.7.
Results and discussion
Optical, morphological and spectroscopic characterization of mPEG-SH-capped gold nanorods
Gold nanorod detoxification and functionalization was monitored by employing three different techniques: optical extinction, TEM imaging and SERS. Figure 1 presents the normalized optical extinction spectra of increasing aspect ratio (from 2.5 to 3.75) raw GNRs in aqueous solution. The spectra show typical characteristics of rod-shaped particles, namely two surface plasmon bands which correspond to the transversal and longitudinal oscillation modes. The transversal band is situated at approximately 519 nm and its position is very slightly dependent on the GNR aspect ratio. In contrast, the longitudinal plasmon band is strongly dependent on the nanorod's aspect ratio. As can be seen in figure 1, this band is situated at 632 nm for 2.5 aspect ratio nanorods and shifts up to 745 nm for 3.7 aspect ratio nanorods. For nanorod functionalization we selected the shorter ones, having an aspect ratio of 2.5 (50 nm/20 nm), due to the fact that this size (<100 nm) approaches the size of biomolecules and therefore the particles can have a higher uptake by the cells [14] . The spectrum presents two extinction bands, situated at 519 and 632 nm for the transversal and longitudinal modes, respectively. Adding mPEG-SH to the gold nanorod solution did not greatly affect their optical properties. However a 3 nm redshift of the longitudinal band was observed for PEGylated particles, and a slight decrease of the extinction intensity (figure 2). Moreover, the plasmon bands do not show additional broadening, thus ruling out any possible aggregation of the particles upon polymer adsorption. As the CTAB surfactant is preferentially bound onto lateral facets of nanorods, leaving the ends uncoated [15] , there is a higher probability for the polymer to covalently bind on the nanorod ends than on their lateral sides [16] . This phenomenon will be accompanied with a change in the refractive index of the medium surrounding the particle which will further determine the preferential shifting of the longitudinal plasmon band. Moreover, similar LSPR studies that we have conducted on different aspect ratio GNRs (data not shown) demonstrate that the peak wavelength shift induced upon adding polymer to the nanorod solution is highly sensitive to the gold nanorod aspect ratio, in accordance with Gans theory [17] .
We further calculated the effective refractive index of the PEGylated nanorods by the approach in the literature [18] , using the integral
where l d (∼5 nm) is the characteristic decay length of the electromagnetic field, n(z) is the refractive index of the surrounding medium and E(z) = exp(−z/l d ). n(z) takes the value of the PEG capping material (n(z) = 1.435) if 0 z d cap and that of water (n(z) = 1.333) if d cap z ∞, where d cap is the thickness of the PEG layer. For a layer of about 5 nm of mPEG-SH molecules in a brush conformation on the nanorod surface, we calculated an n eff = 1.4207. In the case of a 4-5 nm bilayer structure CTAB micellar surfactant around the gold nanorod surface the effective refractive index is 1.414 [18] . Therefore, the larger value of n eff we have calculated can explain the observed redshift of the surface plasmon band. However, due to the dynamic behaviour of the CTAB bilayer on the nanorod surface, and of the thiol functional group of mPEG-SH, known to form a strong bond with the gold surface [19] , we believe that the polymer not only binds onto GNR uncoated ends but also has the ability to displace and partially remove the CTAB cationic molecules from the nanorod lateral sides and to attach onto it.
The presence of the polymer around the particles was also confirmed by TEM imaging. Figure 3 presents a selected nanorod from the initial solution (figure 3(A)) and a PEGylated particle ( figure 3(B) ) for comparison. For the coated particle the polymer clearly appears as a faint uniform layer of approximately 4 nm around the darker nanorod. When attached to a gold nanoparticle, the radius of gyration for poly(ethylene glycol) with a molecular weight of 5 kDa is approximately 5 nm [20] . Therefore our result is quite in agreement with the reported observations. We have to mention that the polymeric layer could only have been observed by the negative staining of the sample and that the particles are individually coated and do not form clusters.
The elongated shape of GNRs makes them efficient as nanoparticle SERS substrates, particularly due to the so-called lightning rod effect [21] . Of great interest is their ability to provide a SERS signal in the NIR spectral domain as individual particles and not as particle aggregates as in the case of standard spherical colloids. This is an important feature when using the particles for intracellular measurements, as membrane permeability and cellular uptake strongly depend on nanoparticle size. In the specific case of CTAB-capped GNRs, the characteristic vibrational bands of the surfactant molecules can be observed in SERS spectra [22] . The SERS spectrum of raw nanorods illustrated in figure 4 (spectrum (a) ) displays three main bands at 178, 763 and 1449 cm −1 . The intense band that appears at 178 cm −1 , attributed to the Au-Br vibrational mode, comes from the CTAB micellar bilayer. The bands at 763 and 1449 cm −1 , attributed to H 2 C-N + -(CH 3 ) 3 totally symmetric vibration and (CH 2 ) n scissoring vibration, respectively, are also specific to CTAB capping molecules. CTAB is selectively tied to specific crystallographic facets of the nanorod through electrostatic interactions via Br − ions between the gold surface and the quaternary nitrogen [23] .
A further characterization of the interaction between GNRs and mPEG-SH was conducted by NIR SERS measurements. For this, three samples were prepared by incubating increasing amounts (20, 50 and 100 μl) of 1 × 10 −3 M mPEG-SH in 0.45 ml of the raw nanorod solution. The intensity of CTAB main vibrational bands at 178, 763 and 1449 cm −1 sequentially decrease as the polymer concentration is increased, as can be seen in figure 4 (spectra (b)-(d) ). The most pronounced effect is presented by the Au-Br vibrational band at 178 cm −1 which has an appreciable magnitude for the raw GNRs and shows a dramatic decrease, more than eight times, for PEGylated samples. Therefore, this band might be used as a probe band to quantify the degree of detoxification of GNRs.
The presence of SERS CTAB bands for the PEGylated samples might be explained by the fact that even though the density of the mPEG-SH on the nanorod surface is raised as the polymer concentration in the GNR solution increases, there is a probability for CTAB surfactant molecules to be entangled by the polymeric brush chains. These trapped molecules can yield SERS signals, since the electromagnetic enhancement can still be effective even if there are less Au-Br bonds between the nanorod gold core and CTAB molecules. However, despite the fact that the SERS spectra of polymer-coated nanorods still present characteristic CTAB bands the signal was demonstrated to be highly diminished. This result, together with that of the other two techniques employed, confirms the fact that CTAB surfactant molecules were removed from the GNR surfaces in high proportion and replaced by the more biocompatible mPEG-SH polymer.
Stability of mPEG-SH-capped gold nanorods towards induced aggregation
In order to retain their specific optical properties, gold nanorods must be stable against aggregation in high ionic strength environments. Therefore, GNR stability was verified using isopropyl alcohol as aggregation agent. For as-prepared nanorods, adding isopropyl alcohol determined a shift towards higher wavelengths of both transversal and longitudinal bands as illustrated in figure 5 (lines (a) and (b) ). GNR aggregation was confirmed by the broad band that appeared in the NIR region, which is specific to clusters of particles [24] . After introducing isopropyl alcohol into the raw nanorod solution a part of the CTAB surfactant molecules from the nanorod surface were dissolved. This led to the removal of the GNRs' protective CTAB layer which resulted in particle aggregation. Figure 5 (lines (c) and (d)) present the extinction spectra of mPEG-SH-conjugated GNRs before and after adding alcohol, respectively. By adding alcohol, the spectrum retains its shape and width of the extinction band, meaning that the conjugated particles present effective dispersion stability. Forming a corona around the particle, the mPEG-SH polymeric chains expand in the aqueous environment, giving rise to a steric barrier that stabilizes the particles, preventing their aggregation. However, a considerable decrease in the absorbance intensity was observed after adding alcohol on both raw nanorods and mPEG-SH-coated particles. For the raw nanorods, the intensity decrease can be attributed to the fact that the major part of the nanorods clustered. Therefore the number of the individual particles in the solution decreased. As the intensity of the plasmon band is correlated with the GNR concentration in the solution, in the case of mPEG-SH-capped GNRs mixed with alcohol, the intensity decrease is consistent with the sample dilution.
Considering an average nanorod surface area of 3.77 × 10 3 nm 2 as deduced by the size distribution measured by TEM, and a 10.8 nm 2 footprint area of mPEG-SH molecules in a brush conformation [25] , a number N PEG = 3.5 × 10 2 of polymer chains is necessary to fully functionalize one GNR. Further, the number of polymer chains/nanorods that was used in our experiment to attain particle stability was estimated. For this, the polymer and nanorod relative concentrations in the admixture were taken into account. An average nanorod concentration of 8.73 × 10 11 particles ml
was calculated from the longitudinal plasmon absorbance peak at 650 nm, given an extinction coefficient of ε = 1.9 ± 0.4 × 10 9 M −1 cm −1 [26] . With an mPEG-SH polymeric concentration of 1.084 × 10 20 molecules ml −1 , this gives the number, 1.24 × 10 5 , of mPEG-SH molecules/rods used. Even though the polymer concentration used was more than 3 × 10 2 times greater than the calculated minimum, if reducing the polymer concentration to more than 50% the particles were no longer stable under induced aggregation. It is conceivable that such a high polymer concentration is necessary because the binding process is relatively slow. This is further supported by the long times necessary for GNR functionalization (see section 2.2).
Thermal behaviour of mPEG-SH-capped gold nanorods
The future aim of this work is to exploit the prepared PEGylated gold nanorods as nanoprobes in cellular imaging and nanoheaters in photothermal therapy.
In this case they have to retain the protective capping polymeric layer in biological media at temperatures higher than room temperature. Therefore, in this study we investigated the optical response of PEGylated nanorods as a function of temperature around 37
• C, which is the standard working temperature in cellular cultures.
LSPR extinction spectra were recorded with 3
• increments from 19 to 52
• C for both raw nanorods and nanorods embedded in polymer in aqueous solution. In the case of raw nanorods, both transversal and longitudinal plasmon bands slightly decreased in intensity while the longitudinal band shifted to blue by 2 nm relative to its initial position at room temperature (data not shown). However, in similar conditions, PEGylated nanorods exhibited a different behaviour. For the whole range of temperatures there is no significant band position modification but a relatively important decrease of longitudinal band followed by an increase at around of 40
• C and steady behaviour after 50
• C, as can be seen in figure 6 . There are many thermally induced effects that could interfere to produce such an optical response of GNRs. In the case of raw GNRs, the heating of the surrounding water is consistent with a decrease in its refractive index, which explains the small LSPR blueshift of the longitudinal band, the most sensitive band. Also, the CTAB molecules adsorbed on the lateral gold nanorod surface might be thermally activated and leave the metal surface, which should influence the optical response of raw GNRs [27] .
The different optical behaviour in the case of PEGylated nanorods demonstrates once again that the polymeric material is attached to the GNR surface. It is conceivable to suppose that the optical response of PEGylated nanorods becomes less sensitive to modification in the bulk environment as is the thermal variation of the refraction index but is very sensitive to modification that could happen in the protective layer of a polymer on their surface. We emphasize that the optical response of PEGylated nanorods exhibited a switching behaviour at around 40
• C (figure 6), which can be considered as the critical solution temperature (CST). Similar switching behaviour was previously reported in the literature for copolymers like PNIPPAAm-PEG-SH, having a CST around 37
• C, which could be controlled by incorporation of polar co-monomers like PEG or by adding hydrophobic co-monomers [28] . Other amphiphilic block copolymers like poly(ethylene glycol-b-(DL-lactic acid-co-glycolic acid)-bethylene glycol) have been shown to undergo a conformational transition in the range of [30] [31] [32] [33] [34] [35] • C (lower transition) and 40-70
• C (upper transition) from a hydrated swollen shape to a dehydrated and collapsed shape and vice versa [29] . However, there are few studies regarding the thermal stability of PEGcoated gold nanoparticles at various temperatures by using the LSPR spectroscopy method [30] .
If the distance that separates two neighbouring PEG chains grafted at the nanorod surface becomes smaller than the radius of gyration of the polymer (R g ), they start to interact with each other in order to minimize the contact between them and stretch away from the particle surface. Moreover, at ambient temperature, the polymer presents good compatibility with water molecules and therefore the PEG chains are fully solvated. As the solvent temperature increases, the polymer-solvent interaction is disrupted, being dominated by the polymer-polymer interaction on the nanoparticle surface which will result in the aggregation of polymer chains. In our case, we suppose that the decrease observed in the extinction intensities while heating the nanoparticle solution can be caused by a change of the polymeric chain conformation from extended (brush) to collapsed (mushroom) until it reaches a CST of 40
• C. Above this CST, another change of polymer conformation takes place as the polymer chains start to unfold and extend from the nanorod surface. Therefore different molecular moieties will be exposed, determining a change in the electrical charge on the nanoparticle surface. This charge modification will induce an increase in GNR extinction intensity.
PEGylated GNRs as SERS-active tags
Raman spectroscopy has widely been demonstrated as an attractive alternative method to fluorescence for in vivo imaging due to its resistance to photobleaching. If encoded with a Raman reporter molecule, gold nanoparticles can be efficiently tracked inside living cells using confocal Raman microscopy [31] .
In this respect and as an envisioned utility of functionalized nanorods, we further demonstrated the applicability of mPEG-SH-conjugated gold nanorods as SERS-active carriers of Raman tags using paminothiophenol (pATP) as the spectroscopic code molecule. pATP is suitable as a SERS reporter molecule because it has a strong, distinctive SERS spectrum. Moreover, it has a strong affinity for the gold surface due to the sulfur-containing functional group present in its structure.
The SERS spectra of 8 × 10 −6 M pATP in raw and PEGylated nanorod solution were successfully recorded using for excitation the diode laser at 785 nm. Figure 7 (line (a) ) illustrates the SERS spectrum collected in the presence of raw GNRs which exhibit the characteristic a 1 bands of pATP molecules situated at 389 (ν(CS)), 1078 (ν(CS)) and 1588 (ν(CC)) cm −1 , according to the literature [32] . The SERS spectrum collected in the presence of PEGylated nanorods ( figure 7, line (b) ) is similar but of lower intensity and shifted by about 3 cm −1 to higher wavenumbers when compared with that of pATP in the raw nanorod solution. It is well known that for perpendicular orientation of the aromatic molecules relative to metallic surfaces there is a large Raman enhancement and the modification of their orientation causes the shifting of the corresponding vibrational bands [33] . In our case, the observed shift of the phenyl group vibration bands of pATP could be attributed to a reorientation of the molecules relative to the nanorod gold surface, caused by the existence of an interaction between the polymer and the pATP molecules. Regarding the SERS intensity difference between spectrum (a) and (b) in figure 7 , it is amenable to be determined by an increased number of pATP molecules attached on the raw GNR surface than on the surface of already PEGylated particles. Furthermore, we cannot exclude the possibility that the difference in band intensity originates from the difference in density of the probe molecules located at the nanorod ends where the field is highly concentrated. The additional bands at 178, 763 and 1449 cm −1 assigned to CTAB surfactant molecules are still present in both of the spectra but they are very weak relative to the pATP bands.
The broad band at 299 cm −1 that occurs only in the presence of PEGylated nanorods (see band marked # in spectrum (b), figure 7) can be reasonably attributed to the Au-S stretching modes and demonstrates thiolate bond formation between the polymer and nanorod surface [34] . Both pATP and mPEG-SH molecules can be adsorbed on the nanorods via their sulfur atoms and have the ability to eventually replace the CTAB molecules from the gold surface. The dramatic decrease of the Au-Br together with the emergence of a new Au-S band that appears for the PEGylated nanorods confirms this. It is interestingly to observe that the band at 299 cm
develops only upon exposure of PEGylated GNRs to the probe pATP molecules and does not appear in SERS spectra of gold nanorods embedded with mPEG-SH. We admit that the coadsorption of two thiolated species onto the same metallic surface makes it possible to induce interfacial interaction between the self-assembled ligands and some conformation changes in the polymeric chains can occur [35] . Therefore the orientation of Au-S stretching modes to the metal surface and the chemical affinity of thiol groups on the different crystalline planes can be different in two cases and explains the enhancement of specific bands in the case of mixed selfassembled monolayers, namely for gold nanorods embedded with mPEG-SH in the presence of pATP molecules.
The presence of the SERS signal from pATP molecules in the case of PEGylated GNRs is evidence of the fact that the polymer chains do not prevent the assembly of the reporter molecules on the GNR surface. This is not unexpected as the polymer conformation onto the nanorod's surface was assumed to be brush-like. Therefore, this less dense packing of the polymer chains provides sufficient space for the binding of the reporter molecule onto the GNR surfaces or even allows space for the molecules to displace the polymer chains. Even if for polymer-stabilized GNRs the SERS spectrum presents a few changes, this does not detract from the usefulness of pATP-encoded GNRs as potential tags for intracellular Raman imaging.
Conclusions
In this study, we presented a method to detoxify and biofunctionalize gold nanorods, by replacing the CTAB surfactant molecules with the mPEG-SH polymer. The binding of the mPEG-SH onto gold nanorod surface was shown by corroborating results from TEM, UV-vis-NIR extinction and SERS measurements. When grafted onto nanorod surfaces, mPEG-SH gives rise to a steric barrier that provides stability against induced aggregation. We also found that mPEG-SH is an environmentally responsive polymer which, adsorbed onto the particles, offers the possibility to vary surface properties in a controlled manner, and make the particles stealthy for biological media. We finally demonstrated that PEGylated gold nanorods can also act as SERS-active carriers of Raman tags. These results show the great potential of mPEG-SHcapped GNRs as spectroscopic nanotags for Raman imaging inside living organisms.
